











APPLICATION 


BACK TO BASICS? Computer-assisted 
learning (CAL) is currently the subject of a 
fierce educational debate. Its supporters 
claim that computers can be used to enhance 
traditional teaching techniques; its 
detractors believe it encourages a view of 
children as objects to be drilled ‘into shape’ 
We consider both sides of the argument 


HARDWARE 


OPUS SESAME! The Discovery 1 isa 
complete disk-based storage system for the 
Sinclair Spectrum with enormous potential 





MAKING RECORDS Ashton Tate’s 
dBase II allows procedures to be written that 
simplify the extraction or collation of data. 
We show how this is done 






‘LAPPING KLINGONS IN 17 
DIMENSIONS’ We explore aspects of 
PASCAL’S array data structures 


FROM NETWORK TO NUMERICAL 
ANALYSISA weekly glossary of 
computing terms 


PROGRAMMING PROJECTS 


MAN OVERBOARD The sixth module in 
our New World trading simulation game is 
concerned with a few of the everyday 
contingencies the crew may encounter 





MACHINE CODE 


PORTS OF CALL We examire the three 
input/output ports on the Commodore 64, 
and begin to consider aspects of the way in 
which the operating system uses them 
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Because of PASCAL’s enormous power and 
flexibility with regard to its data structures, 
such as records and sets, it needs to make 
much less use of arrays than other 
languages. In this instalment, we look at the 
use that pascaL does make of arrays, 
including such aspects as packing, indices 
and the constraints made ¢ on n dimensions. 





In many programming languages, we “may find 
that the array is a very natural means of mapping 
real-world data such as lists, tables and matrices 


onto a computer data structure, and an efficient 


way of providing access to individual elements for 
processing. However, the main reason for their 
almost universal use is out of sheer habit. Quite 
simply, no data structuring method other than the 
array was available in most of the earlier 
languages. The earliest high-level language, 
FORTRAN, Only had complex numbers and arrays, 
and its descendant, BAsIc, omitted complex 


numbers. This is why the FOR . . NEXT loop is the 


only defined iteration structure. 

That was fine in the days when FORTRAN was 
used only to perform matrix operations on every 
element of an array, and when Basic was used only 
to introduce students to the rigours of 
programming in FORTRAN. We have already seen 
some examples of the extra flexibility of control 
that condition-driven loops (WHILE and REPEAT) 
bring to PASCAL. Perhaps even more importantly, 
were beginning to glimpse some of the 
tremendous power and ease of expression that 
some of PASCAL’s other data structures, such as sets 
and records, offer. The dominance of the array asa 
universal ‘data tool’ for programming is therefore 
considerably reduced in PASCAL. 


ARRAY FLEXIBILITY IN PASCAL 


So although most programmers will feel on 
familiar ground when dealing with arrays in 
PASCAL, there are two significant points that should 
be kept in mind. Because pAscAL enables such a 
vast choice of data structuring methods, many 
programming problems may well be solved more 
effectively in terms of other structures. Secondly, 
arrays are entirely unconstrained in the structural 
complexity of their elements, so that much greater 
flexibility can be achieved in PASCAL. 

The definition of an array type reserves storage 
for a certain fixed size of array, and defines both 
the base type of its index (subscript) and the type 
of each component. So, for-example: 


TYPE 
CharCounts = ARRAY [ ‘A . . ‘Z’ ] OF integer; 
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‘ZAPPING KLINGONS 
IN 17 DIMENSIONS 


VAR 
list : CharCounts; 


would reserve storage for 26 integers that would 
be referenced by specifying the array identifier 
followed by a bracketed indexing expression. 
Square brackets are always used with arrays, as 
they were originally in Basic (the subsequent usage 
of round subscript brackets was intended to cater 
only for some limited character sets that lacked 
square brackets). To access a particular integer in 
the list just mentioned, we can write : 


list [ ‘M’ ] or list [ pred (Symbol) ] 


In the second example, the expression pred 
(symbol) must, of course, evaluate to a char value in 
the subrange ‘A’ through ‘Z’. Any true scalar type 
may be used to index an array dimension, but not 
reals or structured types. This  disallows 
nonsensical attempts to refer to list [ ‘second’ ] or 
flag [3.75 ], for example. Using the illustrated type 
definition, we can initialise every counter element 
to zero in an array of type CharCounts with: 


VAR 
letter : char; 
counter : CharCounts; 
BEGIN 
FOR letter :=‘A’ TO ‘2’ DO 
counter [letter] := 0 


and so on. Obviously, counter [1] is illegal for this 


structure (it’s the wrong index type) and counter 
[‘a’] doesn’t exist (the subscript is outside the 
defined subrange), so it’s always good practice to 
define type identifiers for the indexing variables. 
In any case, we shall find that we invariably need 
them when defining our own procedures and 
functions. 

If these subranges are in turn defined on values 
given in a CONST definition, the whole program 
may be rewritten to deal with different sized 
structures by the alteration of one line. For 
example, although there is no pre-declared type 
string in PASCAL, one way to model them (though 
not necessarily the best) would be : 


CONST 
StringLength = 25; 
TYPE 
StringSize =1. . StringLength; 
string = PACKED ARRAY [ StringSize ] OF char; 


Notice that the reserved word PACKED can precede 
any structured type reserved word (SEI, ARRAY, 
RECORD or FILE). By ‘packing’ data structures, we 
can gain considerable benefits in memory usage, 
particularly on computers with long word sizes 
(16/32 bits or more). 
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THE STRING TYPE 


The only time you actually need to be aware of 


packing is when using literal string constants. A 
string of characters enclosed in quotes is taken to 
be indexed from one (not zero) and therefore 
declared implicitly as : 


PACKED ARRAY [ 1. . N ] OF char 


in which N is the number of chars in the string. 
Consider this program: 3 


PROGRAM PackString; 
CONST 
Pascal =‘Pascal’; 
TYPE 
string = PACKED ARRAY [ 1. . 10 ] OF char; 
VAR 
.) string; 
BEGIN 
S := Pascal: 
S := ‘Too many characters ; 


ice see 





S = Pascal. 
END. 


In the body of the program, the first two 


statements are illegal because of the 
incompatibility in lengths, but the third is 
acceptable (four spaces being used as padding 
characters). If the definition of the type string were 
not packed, all assignments to literals would be 
incompatible. In practice, these restrictions are not 
a great problem, however. Although PASCAL 
officially only supports the use of the read and write 
procedures for I/O of whole structures from and 
to files on backing storage, we can write literal or 
variable string types like these directly to the VDU. 
Try writing a program using a similar string 
declaration to the last example, and incorporate 
the statement: 


REPEAT 
write (‘String (Q to quit):’); 
ReadLn (S$); 
WriteLn (‘The string was :“’,s,"”’’) 


LIZ DIXON 


That’s Typical! 

PASCAL’s disciplined data 
structuring forces the 
programmer to adopt a more 
methodical approach to 
program construction. Only two 
of the three basic data types, 
shown here, can be subdivided 
into other categories. But the 
range of possible simple and 
structured data requires strict 
definitions of all the data used in 
a program. This extra effort 
often rewards the PASCAL 
programmer with more elegant 
solutions to programming 
problems than other languages 
can provide 
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UNTIL S [1] IN [Q’, ‘q’] 


Once you've got this running, test the program and 
check the following points: 


e Are leading spaces or tabs ignored? 

@ What happens if the line is longer than the string 
length? 

® What does s contain if only one character is 
entered? 

@ What if just Return is pressed? 

@ Can you include suitable code to pad out any 
insignificant elements with spaces? 


MEMORY CONSTRAINTS 


As far as PASCAL is concerned, there are no limits at 
all to either the size or the number of dimensions 
you may specify for an array. If you can envisage 
zapping Klingons in a space-time continuum of 17 
dimensions, then you can create a suitable data 
structure in pAscAL! Your computer may be 
excused for not taking kindly to the following type 
definitions, however: 
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Hugelype = ARRAY | integer ] OF SET OF char; 
{ a request for at least 64K x 128 bytes!} 
EvenBigger = ARRAY [ 1. . 1000 ] OF 
RECORD 
surname, 
forename : string; 
address : ARRAY[1..5 ] OF string; 
present : SET OF attendances; 
Ble: 
END: { EvenBigger } 


The physical memory size will inevitably limit such 
ambitious programming. Again, this reinforces 
the value of being able to specify subranges of the 
scalar types, thus minimising any storage 
overhead. 

In future instalments we shall see how, when 
dealing with files, only one or two components of 
the structure are required to reside in memory at 
any one time. This can free us from all constraints 
in memory size, and is yet another example of the 
powerful tools available to the PASCAL 
programmer. 
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TONY SLEEP 


NETWORK 


A network is a system that is designed to control 
and direct the communications pathways between 
terminals and computers. Communication 
between the various devices can be via telephone 
lines, radio or infra-red waves — there is no limit to 
the distance over which a network can be spread. It 
may consist of several computers connected 
together in the same room or, if via satellites, may 
consist of several mainframe computers placed in 
various parts of the world. 

Communication networks are becoming 
increasingly useful among microcomputer users as 
they realise that their machines can transfer 
information to each other and also between much 
larger computers. Thus, the micro operator can 





take advantage of the much larger processing 
power — as well as the enormous databases — 
available on mainframes. 

The term network is also used to refer to the 
interconnected components of an electronic 
circuit. This definition of the word has several 


subdivisions. An ‘active network’ contains 
amplifying and logic devices such as transistors, 
while a network without any of these is said to be 
‘passive’. Similarly, a ‘linear network’ contains no 
non-linear devices such as diodes, whereas a ‘non- 
linear network’ will. 


NETWORK ARCHITECTURE 

This refers to the way in which a network has been 
designed and configured. Specifically, areas 
covered by network architecture consist of 
transmission codes including error checking and 
data flow control, the way data is transmitted, and 
the method by which terminals are addressed 
within the network. Network architecture also 
concerns itself with the way the network is 


arranged. This is known as ‘network topology’, of 
which there are several main types: ‘ring’, ‘star’ and 
‘bus’ networks (for further information on these 
network configurations, see page 969). 


NOISE 

Noise is considered to be any unintended signal 
occurring in an electronic circuit. When designing 
a circuit, great care is taken to minimise the 
amount of noise that can interfere with and 
corrupt legitimate signals within the system, which 
results in errors. Typically, within an electronic 
circuit, signals are transmitted in binary form with 
logical one being generated by a signal of 5v, and 
Ov representing logical zero. If noise is introduced 
into the system, these absolute values could be 
altered to other values that may be misunderstood 
by the receiving logic of the system. Therefore, in 
building a logical system, designers take great 
pains to produce the maximum possible ‘noise 
margin’. This is the amount of noise that can be 
added to or subtracted from the logical signal 
before errors are generated. Electronic systems 
with a high tolerance to noise before they begin 
generating errors are said to have a high ‘noise 
immunity’. Specific types of noise that appear 
within circuits include ‘impulse noise’ (page 794) 
and ‘white noise’: the latter being of constant 
energy over equal periods of frequency, and 
remaining continuous in amplitude and time. 


NOR 7 
This is one of the six Boolean expressions used to 
construct logic structures. The output of NOR is 
said to be true when both of the inputs are false, 
and is said to be the dual of the NAND operation 
(see page 1128). This means that if the input and 
output lines of a NOR gate are reversed so that 
logical one becomes zero (and vice versa), the 
resulting operation will be a NAND gate. 
Therefore, like its dual, the NOR gate can be used 
to perform any Boolean operation. | 


NOT 

NOT is another of the Boolean operations. The 
result of performing this operation is that the 
output value of true or false will be the opposite of 
the input value. Thus, if the input is true then the 
ouput is false, and vice versa. Note that unlike 
many of the Boolean expressions in which there is 
a pair of inputs, the NOT operation has just one. 


NUMERICAL ANALYSIS 

A branch of mathematics that is concerned with 
solving problems by numerical methods, 
numerical analysis, in simple terms, means that 
problems are solved by ‘number crunching’. 
Because it usually involves large quantities of 
numbers and iterative methods, it is ideally suited 
to the computer. However, due to the large 
amount of material that has to be processed, 
numerical analysis concerns itself with the most 
efficient and suitable method with which to solve 
the widest possible number of applications. 
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Share And Share Alike 
Networks are increasingly being 
used in education, because they 
not only allow information held 


on one computer to be 


transferred to another, but also 
enable scarce resources to be 
shared. Shown here is a school 
classroom using the BBC 
Micro’s Econet system 
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OPUS SESAME! 


Sinclair Research has_ provided the 
Microdrive for the Spectrum, but a need has 
remained for a more reliable and 
accommodating disk drive system. We 
conclude our two part series on alternatives 
to the Sinclair Microdrive by examining the 
Discovery 1 from Opus, following our look 
at Rotronics’ Wafadrive (see page 1129). 


In the previous Hardware article we looked at 
the Rotronics Wafadrive. Although this device 
proved to be somewhat more reliable than the 
Microdrive, it turned out to be slower in 
comparison, and still based around the rather 
suspect continuous tape system. In this article we 
turn our attention to a more conventional 
approach to mass storage: a disk-based system 
from Opus Supplies. 
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Discovering New Worlds 

The Discovery 1 is intended to 
be an all-in-one expansion 
system for the Spectrum user. 
The machine comes complete 
with a disk drive, operating 
system and connections to 
allow printers, joysticks, 
composite video monitors and 
other peripherals to be fitted 
without the need for further 
interfaces 


A disk drive for the Spectrum does not 
represent a new idea. Over the past couple of years 
there have been a number of disk operating 
systems and interfaces available for the machine; 
however, none of these systems have become 
particularly popular. This is partly because the 
interfaces have been advertised solely in the 
specialist press, which has given the devices an air 
of being intended only for the devout Spectrum 
enthusiast and machine code programmers, and 
partly because they have been available only 
through mail order houses and have not been 
given the kind of mass marketing needed to push 
them into the public consciousness. 

The Discovery 1 is encased in sheet metal, 
extending the front of the machine to support the 
Spectrum that plugs into a cartridge slot via the 
expansion port. Although this seems a 
comparatively easy operation, users may find 
some difficulty in attaching the Discovery to the 
edge connector. This is because the cassette and 
aerial leads tend to get in the way and prevent the 
cartridge slot from being attached correctly. 
Bearing in mind that a badly attached edge 
connector could severely damage the Spectrum, 
this is a serious problem. The difficulty is not as 
pronounced with the original Spectrum (for which 
the Discovery was originally designed), but the 
new Spectrum-+, with its larger casing, may have 
users struggling for several minutes before they are 
satisfied that the device is correctly fitted. Once 
the Spectrum has been fitted to Discovery 1, the 
machine effectively blocks off the computer’s own 
power supply input. The Discovery has therefore 
been designed to power both itself and the 
Spectrum, thus making the micro’s own external 
power supply redundant. 7 


DUAL DRIVE UPGRADE 
Above the cartridge slot on the left is a single 
33in disk drive, with space on the right for a second 
drive. (Opus intends to launch a dual drive version 
of the machine called the Discovery 2.) Discovery 
1 users wishing to upgrade their systems to dual 
drive configurations can expect an external 
additional disk drive called Discovery+ to be 
launched. However, users will not be limited only 
to Opus drives since the company claims that 
standard 5zin disk drives can also be added in the 
same manner. | 

In common with Rotronics, Opus’s philosophy 
in designing the machine is to provide not only a 
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mass storage system for the Spectrum, but also to 
add extra peripheral interfaces allowing users to 
run printers and other devices. A composite video 
monitor socket on the back of Discovery 1 has 
been provided, according to an Opus spokesman, 
for business users wishing to attach amonochrome 
monitor (although of course composite video does 
produce a colour signal) for lengthy periods of 
word processing. However, on a machine noted 
for its colourful games programs, it is a pity that 
Opus could not have provided an RGB interface 
to produce a much clearer picture. 

On the right side of the Discovery is a single 
Kempston—compatible, Atari-standard joystick 
port, next to which is a bi-directional Centronics 
parallel printer port. Finally, there is a peripheral 
through connector to enable other Spectrum- 
compatible interfaces, such as an RGB monitor, to 
be connected. 

Like the Wafadrive, the Discovery disk 
operating system closely follows that of the 
Interface 1; for example, issuing a command 
requires <COMMAND> *. When the sasic 
interpreter reaches the *, it does not recognise it as 
being a BASIC command and attempts to generate a 
syntax error. However, the DOS intercepts it and 
pages its own eight Kbyte operating system into 
the position of the lower eight Kbytes of the 
Spectrum’s ROM, and then interprets the 
command. It should be noted that if the user has 
made a syntax error, even the DOS won’ 
recognise it and an error message will be 
generated, although this will still be via the DOS 
ROM. 


In designing its DOS system, Opus has gone 
further than Rotronics in providing compatibility 
— all of the commands available to the Microdrive 
have been retained. There are several reasons for 
this. Because of the Spectrum’s single keyword 
entry system, it is obviously easier to write an 
operating system using inherent commands, 
rather than going to the trouble of writing your 
own. This also means that users who are already 
familiar with the Microdrive operating system will 
be able to use the Discovery immediately, since all 
the syntax is the same. Furthermore, tinkering 
with an operating system can lead to all kinds of 
unforeseen problems with the memory map. This 
means that programs compatible with Interface 1 
may not necessarily be compatible with your 
revamped operating system, a problem that has 
plagued many other third party peripherals. 

The way in which Opus has closely followed the 
Sinclair Microdrive command system is most 
noticeable when looking at the way the streams 
have been organised. On the Spectrum, output 
channels are organised into 16 streams numbered 
Q to 15. Three of these are set aside for the screen, 
keyboard and printer, the others are free for use by 
any other peripheral. In the Sinclair list of 
Interface 1 commands, there are a number of 
single characters that open channels to specific 
devices; for example ‘m’ for Microdrive. The 
Discovery has adapted these to its own use, thus 
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the command LOAD * ‘m’;1;‘name’ will work just as 
well on Discovery 1 as on a Microdrive, although 
in this case ‘m’ refers to the disk drive. However, 
for added convenience, Opus has adapted the 
command format so that ‘m’ can be omitted, 
thereby shortening the somewhat long-winded 
Sinclair system. Other commands have also been 
adapted. The character ‘t’ in a command on the 
Microdrive opens a channel to the RS232 
interface, whereas on the Discovery it opens the 
channel to the parallel printer. 


THE DISKS IN OPERATION 

The disk drive supplied with the system uses the 
double—density Sony format 33in disks that 
are becoming increasingly popular on 
microcomputers. The disks themselves each have 
a total capacity of 250 Kbytes, which, when 
formatted, provide 180 Kbytes of available 
storage space. The disk operating system supports 
random access when searching for a file, which is 
considerably faster than the serial search methods 
used on some other disk systems. Also, there is no 
limit to the number of files that can be held on a 
disk, which can be important when one wishes to 
save a number of short files. If the directory is 
quickly filled, there may be a large amount of 
space on the disk that cannot be used. 

When comparing the time it takes to SAVE and 
LOAD a file using the Discovery and Microdrive, 
the former proved to be somewhat faster in 
actually finding a file but considerably slower in 
SAVEing and LOADing it. Finding a file is faster on 
the disk system because the files are organised by 
random access whereas the Microdrives, by their 
nature, are serial access devices. Why accessing a 
file into memory is much slower is more difficult to 
explain, but it is a fact that the transfer rate of the 
Discovery 1 is much slower than that of the 
Microdrives — 15 Kbaud compared to 19.2 
Kbaud. The real advantage of the Discovery lies in 
having a mass storage system more robust than the 
Microdrive’s, and a storage medium having a 
wider range of manufacturers to choose from. 

Opus appears to have given some thought to the 
problematic aspect of software support for the 
Discovery. Obviously, having a large company like 
Boots selling the product in their chain of stores is 
an advantage, since software houses will be able to 
offer their products alongside the machine itself. 
The company has also indicated that many 
software houses, including Melbourne House and 
Legend, have already agreed to transfer some of 
their existing programs onto the 33in disks. 

The launch of the Discovery series of disk drives 
has clearly been well planned and Opus has 
obviously attempted to provide its new line with as 
much chance of success as it possibly could. For 
the company, the major task before it is convincing 
Spectrum owners that the Discovery is a more 
worthwhile investment for their machine than the 
Sinclair alternative. If the time is right and the 
Spectrum owner is ready for a disk—based system, 
Opus and its Discovery 1 could well be a success. 

















PORTS OF CALL 





We begin a two-part investigation of how 
the Commodore 64’s operating system 
manages input and output. Here, we take a 
detailed background look at the peripheral 
ports on the computer, give a_ brief 
description of how the kernel I/O routines 
can be accessed and show how OS routines 





r photograph shows all the available ports at 
the back of the Commodore 64. As well as the 
cassette port, the audio/video port and the TV 
socket, there are three I/O ports available to the 
programmer. These are, from left to right, the 
expansion port (also known as the cartridge port), 
the serial port (or serial bus) and the user port. We 
will look at each of these separately. 


@ The Serial Port: Commodore serial printers and 
the 1541 serial disk drive plug into this six-pin DIN 
socket. The OPEN statement will always apply to 
this port with any device number other than 2 
(specifying device 2 means RS232 via the user 
port). For example, with device number 8, the 
command OPEN2,8,2, “FILENAME” will open a file to 
the disk drive through the serial port. It is not 
advisable to attempt to use the serial port, except 
with Commodore devices, through Basic or the 
kernel routines. 

There are interfaces available, however, which 

accept serial messages via this port and perform a 
serial/IEEE parallel conversion. This enables 
peripheral devices that interface with the 
Commodore PET to be used on the Commodore 
64. Such peripherals include the Commodore 
4040 disk drives. 
@ The User Port: This a flat 24-way, 0.15in pitch 
male edge connector, which can be used for both 
parallel and serial communication. For example, 
this port can be used to connect the Commodore 
64 to a non-Commodore printer (Epson is a 
popular alternative), which is treated as an RS232 
device. We will consider how RS232 can be driven 
from the OS later in this instalment. 

The user port can also be used for eight-bit 
parallel communication, but you have to write — 
or obtain — your own device-driving software to 
use it in this way, since the OS has no ‘driver’ 
routines (machine code programs that control 
peripherals) for parallel communication. In the 
next instalment we provide a program called 
Parawedge, which illustrates the amount of work 
required to provide a moderately sophisticated, 
interrupt-driven parallel |©§ communications 
program. This could be used to transfer a block of 
memory from the computer to an external device 


(such as a BASIC program from one Commodore 
64 to another), provided that both machines have 
Sv levels. 


@ The Expansion Port: The expansion port is a 44- 
pin female edge connector that gives access to all 
the main control, address and data lines on the 
Commodore 64. This port is used to interface 
games cartridges and parallel IEEE cartridges, 
which allow the computer to be connected to PET 
peripherals. It is also used for any other devices or 
software that require almost complete control of 
the machine, or programs sufficiently good to 
warrant the design and construction of a card to 
hold them as ROMs or EPROMs. 


We give diagrams for each of these three ports, 
showing the functions of their pin connections. 
Now let’s turn our attention to aspects of the 
operating system’s use of these ports. The set of 
OS routines that deal with I/O is known as the 
kernel. These are the machine code programs 
called by the Basic I/O statements OPEN, CLOSE, 
GET#, PRINT#, and so on. Commodore have 
arranged that the kernel routines are easily 
accessed by the machine code _ systems 
programmer. We give a short machine code listing 
that allows us to use the kernel LOAD routine. 

We also examine here the Commodore 64’s 
built-in RS232 capability, and consider how this 
can be employed, for example, to drive a modem 
via the RS232 routines. 

It won't always be possible, however, to use the 
system routines for I/O. Sometimes you may need 


to use parallel communication and high data rates 


to a nearby device of your own, rather than serial 
communication to some more distant device. 
There are no system routines for driving the user 
port on the Commodore 64. So parallel 
communication means programming the two 
6526 Complex Interface Adaptors (CIAs) 
yourself. To get you started on this an eight-bit 
parallel data transfer assembler routine will be 
given in the next instalment. This routine enables 
the computer to read or send data via the user port, 
while at the same time processing a BASIC program. 
The magic of time-sharing is accomplished by 
arranging that the code that reads or writes data is 
interrupt-driven. In the previous article in this 
series, we gave an example of an IRQ — interrupt 
request — wedge (see page 1137). In the present 
case the routine is NMI-driven because the user 
port flag line can be used to generate an NMI (non- 
maskable) interrupt: this is the second interrupt 
line to the 6510 processor. Unlike IRQ, an interrupt 
signal on the NMI line cannot be masked out using 
the SEI and CLI commands. 
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